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Abstract 

The numerical quantum electronic structure for the 
energies of the states of the hydrogen like atoms as 
given by Sommerfeld in 1915-16 is studied and is 
shown to present a scheme that is able to express 
a unique observer point of view. The perspective 
of this observer is essentially how he, if fixed on a 
trapped electron, would see his and his electron's 
state of containment within the full atomic quantum 
state. This particular internal view of a quantum 
state is then shown to have strong analytic powers 
in the extremely different numerical scale of grav- 
itation theory. This unexpected analogy becomes 
possible when it is recognised that a basic part of 
gravitation theory can be expressed in terms com- 
pletely analogous to the quantum relativistic electro- 
magnetic structure involved in Sommerfeld's formula 
for quantum state energy. The introduction section 
brings together the essentials for the understanding of 
the electromagnetic side of this analogy and contains 
a condensation of some earlier work. The second sec- 
tion Gravitation Analogy develops a theory for gravi- 
tation which closely follows the quantum form to give 
an exact analogy to the Sommerfeld quantum theory 
of hydrogen atomic states. 



1 Introduction 

One of the great discoveries of the 20th Century was 
Sommerfeld's formula for the energy values of the 
quantum states of the hydrogen like atoms. The en- 
ergy values involved were those assumed by a nega- 
tively charged electron orbiting a nucleus composed 
of Z positively charged protons, the charged nucleus 
being the source of a classical Coulomb electric po- 
tential. In the context of Schrodinger wave mechan- 
ics which is usually regarded as non- relativistic [55] . 
it is surprising that this relativistic formula should 
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appear at all and that its predictions are so accu- 
rate is very remarkable. Sommerfeld's HJ formula for 
the energy of hydrogen like atoms with a Z-valued 
positive charge Coulomb central field is, 



E n ,j,z = m c 2 (l + 7 2 ) 



-1/2 



where 



Za 



7 



n-j -1/2+ ((j + 1/2) 2 - (Za) 2 ) 1 / 2 



(1.1) 



(1.2) 



with n what is usually called the principal quantum 
number and j with its possible half integral values is 
the quantum number for total angular momentum. 

The expression ()l.l(l is not the last word in energy 
specification for hydrogen like atoms because it does 
not include the Lamb shift complications. However, 
it is extraordinarily accurate and shows how the en- 
ergies depend on the charge number Z . The energies 
of the first Bohr orbits for various values of Z are 
given by n = l,j = 1/2 and 1 < Z < 137 and are 



E 1 ^ z = m^ 2 {l-{Za) 2 ) 1 ' 2 . 



(1.3) 



We are particularly interested in the speeds vb,z with 
which the trapped electron moves in these orbits for 
the various values of Z . The centrifugal equilibrium 
equation expresses a relation between the Bohr orbit 
radius r B-Z and the Bohr orbit velocity vb,z and is 



Ze 2 /4Tre r B ,z = m V B z . 



(1.4) 



Thus l|1.4f) supplies a definition for the velocities in 
the first Bohr orbits in terms of the first Bohr radii 
in the form 

v B .z = (Ze 2 /4ne r B , z m ) 1/2 (1.5) 
= {Zl^/rB^z) 1 ' 2 = Zac, (1.6) 

the last equality following from the well known re- 
sult for the circular orbits r B .z = r B ,i/Z. Thus in 
particular, 

«B,1 = etc (1.7) 
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and 

VB,m = 137ac. (1.8) 

Sommerfeld's formula 1(1.1(1 for the special case of the 
first Bohr orbits can easily be derived (pQ, 07J, |18|) 
as will be shown in the next paragraph. 

Suppose that a hydrogen-Z atom with its single 
circling electron is at rest in some frame of reference 
Sq, the electron being in the first Bohr orbit. In this 
frame of reference, the energy E(Z) of the electron 
will be given by Sommerfeld's formula for a first Bohr 
orbit. However, for the moment let us simply call the 
energy E{Z) and assume we do not know formula 
(11.1(1 . Consider the view of the situation that an ob- 
server in frame of reference S moving with velocity 
vb.z relative to the first frame such that this velocity 
is also in the same direction instantaneously as that 
of the direction of circling electron. At the instant 
of coincidence of these velocities in magnitude and 
direction the observer in S will have the electron at 
rest in his frame so he will assesses its total energy as 
being its rest energy plus its potential energy in the 
field of the passing centre of force on the nucleus of 
the hydrogen-Z atom. This potential energy is that 
of one negatively charged electron in the Coulomb 
field of the Z positively charged nucleus. This po- 
tential energy is given by V = — {Ze)e/ (AireofB,z)- 
Thus this observer assesses the total energy Et of 
the electron to be Et — m^c 2 — (Ze)e/ {Alitor b,z)- 
This might be called the electron orientated point of 
view. Now consider what might be called the hydro- 
gen first Bohr state point of view. We are assuming 
that the energy of the electron in this state is given 
by E{Z) = M(Z)c 2 , M(Z) being the equivalent mass 
of this state. M(Z) is rest mass for this state in the 
frame So in which the state is at rest. The observer 
in S will see this mass as a rest mass M(Z) with a 
charge Ze moving with velocity —Vb,z- Thus from 
this point of view he will assess the energy in mo- 
tion as M(Z)c 2 /(l - {v B .z/c) 2 ) 1/2 and see it as the 
nuclear charge Ze moving in the Coulomb potential 
V = — e{Ze)/{A-Keo r B,z) due to his local captured 
electron. Thus his assessment of the total energy 
from the nuclear state in motion point of view is 
E' T = M{Z)c 2 l(\-{v B .zlc) 2 fl 2 -e{Ze)l{^eoTB,z). 
The two points of view are two different ways that 
the observer in S can perceive the overall situation. 
Both of the energies Et and E' T are the energies of 
the trapped electron in hydrogen-Z as seen in the 
frame of reference S albeit from the two points of 
view. Thus they should be numerically equal. The 
two potential energies from the two points of view are 
also equal. Thus we have the result 

m c 2 = M{Z)c 2 /{\ {vB^z/cfY' 2 

= M(Z)c 2 /sm{ X *{Z)). 1 y) 



a can be given the form 

a =cos{ X *(Z))/Z, (1.10) 

so that 

vb,z = Zac , . 

= ccos(x*(Z)). [L - ii) 

Hence 1(1.9(1 becomes 

E(Z) = M(Z)c 2 = m c 2 sm(x*(Z)) (1.12) 

which agrees with ((1.3(1 . If the Compton wave length 
l m of a rest mass m is defined generally as h/(mc), 
then 1(1.12(1 gives 

l mo = hi(z) sin(x*(Z)). (1.13) 

The maximum value for Z, Z = 137, represents 
choosing the last member of the hydrogen like set 
of atoms for analysis, -ffi37. This particular atom is 
a long way outside present day condition possibilities. 
It is a theoretical structure but it has led to impor- 
tant theoretical discoveries, notably the derivation 
of a theoretical formula for a ( |3l ] . |2| . [5] . |2] . [TB ] . |2l ] . 

El,E3,EB!,EI],E2!,Eni) Here 1 sha11 show that il 

also has potential for steering us towards an under- 
standing of rest mass in terms of gravitation. This 
aspect will be pursued in the next section. However 
before that, I shall here pull together some earlier 
results that will be required in that study. We shall 
need definitions for some standard Schrodinger quan- 
tum theory quantities. The basic ones are, the clas- 
sical electron radius which here will be denoted by 
r e but which was denoted in earlier work by l c , the 
Compton wavelength of the electron, Ac and its di- 
vided by 2ir varient, Xc here denoted by 2lo- Less ba- 
sic are the radii of the first Bohr orbits tb ,z and the 
velocities in those orbits vb,z- These definitions are 
now set out in the order introduced above together 
with representations for a and the general formula 
for dimensionless coupling constants. 



r e 


= e 2 /(47re rnoc 2 ) = l c 


(1.14) 


Ac 


= hj (m c) 


(1.15) 


Ac 


= h/(m c) = 2l Q = l me 


(1.16) 


TB,Z 


= lc/(Za 2 ) 


(1.17) 


VB,Z 


= Zac 


(1.18) 


1 


< Z < 137 


(1.19) 


a 


= r e /X c = l c /2lo = hnJrB.i 


(1.20) 


a 


= cos(x*(Z))/Z = a const. 


(1.21) 



. . n 2 cos(7r/rii) tan(Tr/(nin 2 )) 
a(ni,n 2 ) = 

(1.22) 

29cos(7r/137)tan(7r/(29 x 137)) 
a = 

(1.23) 
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In relation to the table above, a remark about the 
relation between a(ni, 712) and the integer parameter 
ni will be seen to have important significance in the 
work to follow. The representation of the fine struc- 
ture constant a with emphasis on the constant char- 
acteristic given by 1(1.20(1 depends on the many valued 
parameter Z. This representation is very useful in 
bringing together the physical description for the 137 
members of the hydrogen like family of atoms. As we 
have seen above it is the member of that set H137 with 
the first Bohr orbit described by the one orbiting elec- 
tron at the maximum speed ^5,137 = 137a(137, 29)c 
that can be used to explain important fundamental 
physics issues. This speed ^5,137 is the speed that 
gives the lowest rest mass M(137) for the rest mass 
generation process ((1.1211 for the electron rest mass 
mo. Thus in the quantum electromagnetic context 
M(137) can be taken to be the most fundamental 
particle- like mass or smallest mass unit and the small- 
ness of its value depends on the closeness of the light 
speed multiplier quantity 137a(137, 29) to unity. In 
the gravitation analogy context to follow this mass 
value M(137) will be shown to have an analogy tuq 
greatly smaller numerically and so much as to be 
measurably indistinguishable from a photon in a lim- 
iting situation. 



Figure 1 

Bohr Orbit Hydrogen-Z Configuration 
A d 




Before discussing what this all has to do with grav- 
ity let us consider the physical implication of equa- 
tions ((1.9(1 and ((1.12(1 . Both of these equations repre- 
sent a simple relation between the rest mass M(Z) of 
an atomic state and the rest mass too of an electron 
and of course there are many such relations according 



to the Z value, that is to say, the atomic system cho- 
sen. Eauation ((1.9(l clearly means that the electron's 
rest mass can be fully expressed as the relativistic en- 
ergy of a particle of rest mass M(Z) in motion with 
the velocity Vb,z- From the ((1.12|) equation, the ra- 
tio of the mass M{Z) to the electron's rest mass is 
in general a relatively small quantity because the or- 
bital velocity vb,z can have values very close to the 
velocity of light. The largest value that the orbital 
velocity vb.z can have is that which occurs in the 
case of Hydrogen-137 when Z — 137 and in this case 
(11.12(1 gives the ratio of the mass M (137) to the mass 
too of the electron to be the last displayed result be- 
low. 

v B ,i37/c = 137a, (1.24) 
= cos( X *(137)), (1.25) 
M(137)/to = 0.02292 (1.26) 

Hence equation 1(1.9(1 essentially expresses the rest 
mass too of an electron in terms of the sub-mass 
M(137), about a 200th part of the electron's mass, 
in motion. Motion here is generating rest mass by 
the standard relativistic kinematics-dynamic process. 
Thus this analysis gives a model for the internal dy- 
namics of the electron in terms of sub-particle in 
motion structure. This, of course, is the trend of 
theoretical physics matter analysis that has occupied 
most of the last century, the decomposition of a sys- 
tem into successively smaller mass sub-systems. The 
puzzling question is, does this descending prolifera- 
tion go on without limit or are there truly funda- 
mental masses that will ultimately be encountered? 
However, though that question cannot now be an- 
swered every step downwards is progress but within 
the context of Sommerfeld quantum theory we are 
here at a base level because M(137) is the smallest 
valued mass state to occur. It will be shown that 
the downward structure picture can be taken very 
much further when we examine the gravitation anal- 
ogy. There is the well known but curious property of 
mass in quantum systems that very large masses are 
often very localized and very small masses can be dis- 
tributed over large regions. This aspect is reflected in 
the way mass appears in the Compton wave lengths 
such as A for example in equation ((1.15|) where a small 
mass in the denominator gives a large wave length 
and vice versa. This aspect is related to quantum 
uncertainty and we shall see that it has important 
consequences in the analogy to be developed in the 
next section. There is another feature of the rest mass 
generation formula 1(1.9(1 that will be seen to play an 
important part in the gravitation story to come. Rest 
mass is the most important energy idea that emerged 
from relativity theory. Here we can see it has the 
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special role of supplying a theoretical observer ref- 
erence frame from which a particular energy aspect 
of the electromagnetic system takes on a very simple 
form. Of course, an observer cannot sit on an elec- 
tron but it seems that the electron feels its quantum 
electronic states relative to its own rest mass plat- 
form as though it is disconnected from such issues as 
total system rest mass weighting to the actual space 
background or to the wider system in which its states 
may be imbedded. The actual mass structure or the 
centre of gravity of the massive nucleus of an atom 
such as that of H137 does not come into the deriva- 
tion of the relation between state rest mass M(Z) 
and kinctically generated rest mass mo of the orbit- 
ing electron. If H137 were found to exist physically, 
besides the 137 protons in its nucleus, one might ex- 
pect it to further contain a large number of neutrons 
so that altogether it would be very massive. This all 
implies the possible generality of a theoretical unique 
observer fixed on the particle viewpoint which is blind 
to system embedding. The valuable consequence that 
follows from this is that we can study the electron 
along with its internal states as though it is in a 
stand alone condition and just in a low velocity un- 
bound state. Perhaps this is merely the recognition 
of a principle that the internal states of a particle are 
relative to the particle's rest framel I shall refer to 
this as the internal relativity principle for a particle. 
Essentially this principle allows role reversal for nu- 
cleus and bound rotating particle. This aspect will 
also be exploited in the gravitation context. One may 
well ask where within the #137 atom is the generating 
state mass M(137) to be found. The answer to this 
is within a transverse speed of light horizon deter- 
mined by a rotating radius vector = c/ui rotating 
with the orbiting electron such that r 3,137^ = f 5,137- 
The values of r<j and r 3,137 are very close in value, 
rB,i37/rd w cos(7r/137) « 1. See figure 1, where 
the orbiting electron is represented as an extended 
wave confined in the angular segment 7r/137 between 
the radii r a (137) and rf,(137) its mean position being 
at radius, r c = r 3,137- The state rest mass M(137) 
shares the same rest frame in which the centre of force 
is at rest. 

2 Gravitation Analogue 

The clue that suggests how to quantize gravity comes 
from one of the three very large pure numbers that 
have been known about for many years and were 
extensively studied and used by (Eddington, Dirac, 
Jordon, Dick, Hayakawa, Carter [2E]) and others 
(0, ELD, 13,13, IHI) in their theoretical work. Pre- 
viously, I have denoted this number by Rpe indicat- 



ing that it is the ratio of the electromagnet potential 
energy of a proton electron pair to the gravitational 
potential energy of an electron proton pair. This ra- 
tio clearly does not depend on the separation of the 
two particle as it would appear in the numerator and 
denominator of this ratio and so would cancel. Here 
I shall denote it by £ = Rpe- Its definition is 

£ = ahc/ (Gm p m e ) = Rpe, (2-1) 

where G is the constant of gravitation m p is the rest 
mass of a proton and m e = mo is the rest mass of 
an electron, a is the dimensionless coupling constant 
for the electromagnetic field. Thus we can identify 
the dimensionless electromagnetic quantum value for 
gravitational coupling as ag, say, so that 

qg = Gm p m e /{hc) (2-2) 

and then 

€ = a/aa. (2.3) 

For the purpose of developing this model for a 
quantum theory of gravity, I shall make the work- 
ing assumption that all quantum related coupling 
constants are related to or are members of the set 
Qc = {ct(ni,n2)} defined by equation 1(1.22(1 . As all 
members of this set are dimensionless, we can then 
expect to find a G within this set. Thus I shall repre- 
sent aa as 

a G = a(N G> N G ), (2.4) 

where the pair of integers N G , N' g are to be deter- 
mined. If we compare this equation with equation 
(11.12(1 we see that the electromagnetic analogue for 
the maximum value of Nq is 137 and for N' G it is 29. 
Using equation 1(1.22(1 . the £ ratio ((2.2(1 can be given 
the more detailed form, 

C = a(W,29)/a(N G ,N' G ). (2.5) 

We can now usefully use a generalization of a for- 
mula for the gravitation constant G. The original was 
suggested by Ross McPherson [33] based on his ob- 
servation of a near numerical coincidence between £ 
and the quantum frequency of the proton's rest mass 
multiplied by 10 16 . The generalized form to be used 
here will be expressed in terms of different physical 
constants and will have the usual dimensional form 
k~ 1 m 3 s~ 2 but will be expressed as a function of a 
time t n . It has the definition, 

G(t n ) = ah 2 H(t n )/(m 2 p m e c), (2.6) 
H{t n ) = l/(t n + t ), (2.7) 
t n +t = T = 1.59xl0 15 s. (2.8) 
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H(t n ) is Hubble's constant expressed as a function of 
a time, t n measured in seconds from a time to > 
near the beginning of the universe. T is a nominal 
time for which the universe is assumed to have ex- 
isted, nip is the rest mass of a proton and m e is the 
rest mass of an electron. From (|2.2[) . i|2.6[l and l|2.8[l 
we can now derive 

a G (t n ) = ah/(R(t n )m p c) (2.9) 
= r p /R(t n ). (2.10) 

R(t n ) — cT(t n ) is a nominal radius for the universe 
now and r p is the classical radius of the proton. 
We note that the dimensionless gravitational cou- 
pling constant aaitn) depends on the time t n through 
the dependence of the radius of the universe through 
the time t n . Equation l|2.9|) enables us to complete 
the analogy between quantum theory and gravitation 
theory. If we compare equation H2.10(l with equation 
(|1.2U|) while assuming that a G is the gravitational 
analogue a, it follows that r p is the gravitational 
analogue of r e = l c and a radial length Rq related 
to R(t n ) is the gravitational analogue of X G = 2l . 
The rest mass of a graviton m G , say, is naturally de- 
fined as the rest mass which has a Compton wave 
length Rq = h G /(m G c) so that we can write down 
the gravitational analogue for equation (|1.12() as 

m G (Z G ) = m p sm(x G (Z G )). (2.11) 

Below is set out the list for gravitational quantities 
analogous to the quantum quantities defined in the 
list [fH^jl - l(l~2lj> 



r p = e 2 /(47re TO p c 2 ) = al mp (2.12) 

A G ,o = h G /(m G c) (2.13) 

h G = & (2.14) 

r G .z G = r p /(Z G a 2 G ) (2.15) 

v G .z G = Z G a G c (2-16) 

1 <Z G < N G (2.17) 

X G R(t n ) R(t n )a 1 

a G {t n ) = cos(x G (Z G ))/Z G (2.19) 



, . ri2 cos(7r/ni) tan(7r/(niri2)) 
a G {n 1 ,n 2 ) = 

(2.20) 

N' G cos(n/N G ) tan(7r/(^JV G )) 
a G = 

(2.21) 

The analogue of the electron in motion on a first 
Bohr orbit of H137 is, what I have indicated above 
by G, a proton in motion on an orbit of radius r G ,z G 



with a velocity of v G _z G an d coupled to a central force 
via the dimensionless coupling constant a G . Thus 
the analogue of the relativistic rest mass generation 
equation l|1.12fl for the proton's rest mass is 

m p c 2 =m G (Z G )c 2 /(l-(« G ^ G /c) 2 ) 1 /2 
= m G (Z G y/sm( XG (Z G )). 

a G can be given the form 

a G =cos( X * g (Zg))/Z g . (2.23) 

The analogy between the structure of the first Bohr 
orbit of an electron in -H137 coupled by a to an elec- 
tromagnetic force centre and the gravitational orbit 
of a proton coupled by a G to a gravitational force 
centre is exact. However, the scales of the analogous 
systems are greatly different. Below is a list of the 
approximate numerical values and scale relations for 
key parameters. 



a/a G 


« 2.269 x 10 39 


(2.24) 


N G /Vd7 


w 2.2697 x 10 39 


(2.25) 


M(137)/m e 


w 0.02292 


(2.26) 


m G /m e 


w 0.00137568 


(2.27) 


M(137) 


w 2.0878919 x 10~ 32 


(2.28) 


m G 


w 1.2531594783 x 10" 33 


(2.29) 


m e 


w 9.10938188 x 10" 31 


(2.30) 


m p 


« 1.67262158 x 10" 27 


(2.31) 


f\B,137 


w 3.8626073592 x 10" 13 


(2.32) 


r G,Z G 


Ps 4.7721275373 x 10 23 


(2.33) 


V B,137 


ps 2.9971370158 x 10 8 


(2.34) 


V G,Z G 


ps 2.9979245799 x 10 8 


(2.35) 


C 


= 2.99792458 x 10 8 


(2.36) 



3 Conclusions 

As suggested in the title, I regard the material pre- 
sented here as a sketch for a quantum theory of grav- 
itation. However, this material is detailed in that it 
shows a way in which the very small quantum the- 
ory domain of atomic systems can be integrated with 
the very large cosmology domain within a single the- 
ory. The fundamental theories that are called upon 
to render this construction possible are Sommerfeld's 
relativistic formula for quantum states together with 
this author's theory for quantum coupling constants. 

A physical result that emerges from this construc- 
tion is a relativistic dynamical way in which the rest 
mass of the proton can be seen as formed from the 
kinematic's of what I have called here, a graviton, a 
particle with the very small rest mass, m G . As the 
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theory has been developed here, the rest mass of this 
particle is about a l/1000th part of the rest mass of 
an electron. However, the construction here is limited 
by experimental knowledge of the true values of the 
gravitational and other constants and the consequent 
difficulty of reliably being able to work out the arith- 
metic of the very large numbers that are involved. It 
seems that with more reliably accurate information it 
will be possible to assert that m G has a limiting value 
zero. Almost putting it on a par with the photon or 
neutrino. Further more it's orbits are very large ra- 
dius circles which are limiting straight lines, if the 
universe is sufficiently large, again showing a close 
relation with the photon or neutrino. The angular 
velocity of the electronic states which are analogous 
to the m G states have spin 1/2 so perhaps it is the 
neutrino with its spin 1/2 that is the key to the un- 
derstanding of quantum gravity. 

The theory given here suggests that the rest mass 
of the proton originates from the graviton kinemat- 
ics. Possibly this is extendable to some extent to 
all the hadrons though other considerations may well 
be involved. Clearly the very complex rest mass 
relations between the many elementary particles is 
barely touched by this rest mass generation result 
for the proton. However it could be a useful start 
to revelations in that context. It has been shown 
that an orbiting proton moving on a very large ra- 
dius path is the gravitational analogue of the orbit- 
ing electron in the Sommerfeld quantum electronic 
theory. Included, is the possibility that the radius 
of the proton's path is so large that it is indistin- 
guishable from a straight line. The structure given 
here enables us to identify the gravitational potential 
analogous to the hydrogen^ electric central poten- 
tial V{r) = 137ahc/r to which a proton is subjected 
generally and is the kinematic source of its rest mass 
m p . This is given by 

V G {r G ) = N G a G h G c/r Gl (3.1) 
= £N G Gm p m e /r G . (3.2) 

From l|3.2(l it can be seen that the central force that 
holds the proton in its orbit arises from the gravita- 
tional attraction of a total mass, ^N G m e , comprised 
of N G electronic sub-masses of strength £m e in anal- 
ogy with the case of -H137 where the central force is 
composed of a total charge, 137e, comprised of 137 
electronic sub-charges of strength e. Thus if we ap- 
peal to the particle internal relativity principle for 
a proton and its internal gravitational states we see 
that the proton's rest mass arises from a centre of 
force at a distance R G from its position. This centre 
of force is on a reference frame which will also be host 
for the internal proton rest mass gravitational gener- 



ating mass m G . In keeping with the usual classical 
gravitational potential theory, this centre of force can 
be thought off as a mass distribution spread over a fi- 
nite sphere within the radius R G . R G is the radius of 
the universe so here we have the situation of greatly 
distant masses determining the local rest mass m p 
of the proton. This is a clear indication of the ap- 
propriateness of Mach's Principle f|T7|. [37j . |3l] . ) 
in the context of this theoretical construction. This 
contrasts sharply with work on Mach's principle in 
relation to the local standard of zero rotation ( |37|. 

HOI, EH, E2, S3, E2, E3) which does not seem to 

be directly related to the local inertia problem. The 
key result that connects the quantum domain with 
the cosmological domain is the relation between the 
graviton mass m G (t n ) and the radius of the universe 
R(t n ) at time t n , now. They are both dependent 
on time and are related by a rest length radius, Rq, 
of the universe coinciding with the crossed Compton 
wavelength X Gt o of the mass m G and X G (t n ) = R(t n ). 

R(t n ) = i?o(l-fec/c) 2 ) 1/2 (3.3) 

In view of equation (|2.18(l , the reader may prefer to 
define the nominal radius of the universe as the larger 
value R*(t n ) — a~ 1 R(t n ) together with an appropri- 
ate T* and H* . T* would then have the same order 
of magnitude as adopted in reference |38| page 738. 
There is another significant advantages of adopting 
the starred definions above because with them there 
is a starred potential function, 

V G (r* G ) = N G a- l a G h G c/r G , (3.4) 
= ^cGm^-'me)/^, (3.5) 

that replaces the (13.113. 2fl form and in which the 
quantity of mass causing the gravitation potential 
for the very large radius orbit on which the circling 
proton moves can be seen to be given by Mjj = 
£ t N G a~ 1 m e . This turns out to have the same or- 
der of magnitude, 10.68 x 10 53 k g , as the amount of 
matter in the universe also as suggested in the ref- 
erence |3H1 page 738. This enhancement option will 
be considered in an appendix to follow in the next 
section. 

4 Enhancment Appendix 

This section is essentially an appendix containing 
some elaborations and re-identifications of the age 
and radius of the universe and other additions. These 
changes involve a detailed following up of a change 
in the definition, T — > t* of the age of the universe, 
T as suggested at the end of the previous section. 
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In earlier sections of this paper, a possible nominal 
age for the universe was identified from a new formula 
for the gravitational constant as 

T = £t p (4.1) 
r mp = h/(m p c 2 ) (4.2) 

where r mp = h/(m p c 2 ) = l p /c is the Compton time 
interval for a proton. 

There is freedom in making this identification be- 
cause of some dimensionless multipliers appearing in 
the formula for G. Expressed in terms of T or R the 
formula for G is 

G = ah 2 /{Tm 2 p m e c) (4.3) 
= ah 2 /{Rm 2 p m e ). (4.4) 

It became apparent that a better correspondence 
with the age of the universe values suggested from 
measurement would occur if the a appearing in the 
numerator of G were incorporated with T to give a 
transformed value T* = a^T. Thus T* > T and 
has the same order of magnitude as suggested from 
the measurement arena. The gravitation constant G 
in terms of the starred variables becomes 

G = h 2 /(T*m 2 p m e c) (4.5) 
= H 2 /(R*m 2 p m e ). (4.6) 

This redefinition was suggested at the end of the last 
section and it was indicated that other quantities 
would need to be changed in order for a consistent 
theory to incorporate the starred definitions. It turns 
out that some simple changes have to be made to the 
quantum orbital theory to achieve this consistency 
for the starred version. The basic change is to replace 
the classical radius of the proton, r p = al p in equa- 
tion (1.17) with its Compton wave length, l p as here 
in equations (4.7), (5.3), (5.4) and (5.5). This gives 
a starred version for, r G z for example, replacing 
the original tg,z g displayed at equation (2.18) in this 
case. All the cases are listed below. From an inspec- 
tion of the last equality in equation (2.18), it is then 
hindsight obvious that this is how it should have been 
from the start! Below is a list of the changes to orig- 
inal variables consequent upon making the change 

T p > l p . 



r P 




(4.7 


T 


-> T* = a- 1 T 


(4.8 


R 


-» R*=a~ 1 R 


(4.9 


H 


-> H* = (T*)- 1 


(4.10 


Mu 


-» mlj^Mu 


(4.11 


^G,0 


~~ * ^G,0 = a ^G,0 


(4.12 


r G,Z G 


-> r h,z a = l P l{Z G a 2 G ) 


(4.13 



I now wish to make an altogether more subtle 
change in the interpretational aspects of this theoret- 
ical structure. This will involve some additional no- 
tation and changes to some physical variables. Gen- 
erally the numerical effect of these changes will be 
negligible and the theory could be left without these 
additional changes. This would mean that we are 
taking what might be called a course grained view 
of the universe and we would not be looking at the 
detailed structure. However, the enhanced version 
that emerges is logically more satisfactory and the 
link and similarity between the small scale quantum 
aspects and the large scale gravitational aspects be- 
comes more clarified. To see why such changes are 
desirable we can examine the wave capture diagram 
fig.l 

which originally arose from the electrical-quantum 
consideration of the orbital structure of #137 in rela- 
tion to the fine structure constant. The most obvi- 
ous aspect of this diagram are the circular bound- 
aries of radii r a , r c , r^ and r d . There is another 
possible boundary missing from the diagram of ra- 
dius smaller than the shown four that we can call 
Ti = r c cos(x*(137)) in the case of if 137. Thus all 
the wave structure lies between radii and r d and 
the numerical difference between these two radii is 
r d - n = r d (l - cos 2 ( X *(137))) = r d sin 2 ( X * (137)) « 
rd(l/137) 2 w r^xlCP 4 . The whole of the geometrical 
structure between these two extremes would vanish 
in the thickness of the single circular circumference, 
if the diagram had not been greatly distorted to make 
it readable. The philosophy of the work in this ar- 
ticle is that the gravitation orbits for a proton, al- 
most straight lines for a free proton, follow the same 
pattern as in the wave capture diagram with the ad- 
ditional condition that the outer and inner radii for 
the gravitation orbits differ by vastly smaller amount 
than the electromagnetic case. This is why I suggest 
that the new set of changes that are to be imple- 
mented are logically and conceptually important but 
numerically negligible. However, the thickness of a 
very thin line on a small disc representing the whole 
universe could represent 10 s human life spans. The 
two inner radii r d and r& are important for QED but 
need not concern us in the gravitation regime for rea- 
sons that will become clear. 

5 Enhancement Variables 

The first step in the enhancement is to consider the 
formulae (2.6) and (2.7) for the gravitation constant 
G in terms of the time like parameter T* and abandon 
the interpretation of cT* as the radius of the universe. 
Then reinterpret R* = cT* as the nearby quantity the 
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gravitational equivalent of the QED radius of r 3,137, 
of first Bohr orbit of ii/137. This equivalent is a quan- 
tity, Tq Na — ct G N , a starred version of what was 
tg,n g in A originally. The result of this change is a 
functional form for G(r'*), the gravitational constant 
in terms of r'*. 



G(r* G , NG ) 



h2 /(t*G,N G m l m eC) 
h2 /( r *G,N G m l m e)- 



(5.1) 
(5.2) 



Equation (|f> . 2|> is to be our fundamental equation con- 
necting the quantum theory for gravitational orbits 
to the value of the relativistic cosmological quantity 
G. The numerical value of G will now be regarded as 
defined through equation l|5.2l) . To show how the ra- 
dius or the age of the of the universe now comes into 
the structure we have to examine the other impor- 
tant circular quantum orbits within which the circle 
of radius r G Ng is to be found, the analogues of r» and 
Td from -H137 theory. They are defined in ascending 
size order with r G N central in magnitude as 



r h,N G cos(xg) 



Ngl p 

cos(xg) 



r G,N G 



'G,N a 



N G l P 
cos 2 (xg) 
N G l P 



The notation, 

I" 



cos(xg) cos 3 (xg)' 

= h/ (rripc) 

= h/(m p ccos(xG)) 

= h/(m p c cos 2 (xg))), 



(5.3) 
(5.4) 
(5.5) 



(5.6) 
(5.7) 
(5.8) 



will be used. The speed on the r'* is given by r'*uj — 
N G a G c so that the speed v* on the r* orbit will be 
given by 



v "* = r "*uj = r"*N G ca G /r'* = c" (5.9) 

v '* = r '*LJ = r'*N G ca G /r'* = d (5.10) 

v* = r*uj = r* N G ca G /r'* = c (5-11) 

d = ccos(xg) (5.12) 

c" = ccos 2 (xg)- (5.13) 

Thus we can take these inner and outer boundaries 
r"* and r* within which the main orbit of radius r'* 
lies to represent an annulus fixed to and rotating with 
the geometrically extended object. The object has a 
mean position on the radius r'* . The outer boundary 
of this annular platform has a transverse velocity of 
the speed of light and so is naturally to be regarded 



as the maximum outer boundary for the whole rotat- 
ing system. This then is good reason to identify r* 
as the radius of the universe. This does not mean 
that the universe is rotating. It rather means that 
the maximum separation for gravitationally coupled 
systems coincides numerically with the radius of the 
universe, r* . 

Let us first calculate the orbital angular momen- 
tum for an electron in the first Bohr orbit of -H137. 
From equations (1.17) and (1.18) this is 



rB,zVB,zm = 



Zacm l c /(Za 2 ) (5.14) 
= m d c /a — m Q cl mo (5.15) 
= H (5.16) 

The orbital angular momentum for the corresponding 
gravitation orbit of a proton is from equations l|5.4|l 
and (|5.1U|I and using the starred system 



r G,z G v G,z G m p 



Z G a G cm p l p 
{Z G a G ) 

TThpCvp 



UG 

h 

a G 



cos(xg(Z g )) 



(5.17) 
(5.18) 
(5.19) 



The starred version of the gravitational potential in 
which a proton moves has the form on the mean orbit 
and on the outer boundary as given by 



VS(r'S) 



V G (r* G ) 



V G (r'£) 



< 
> 



NQGmempCtf-, 1 



N G Gm e m p a G l 
m p d 2 cos(o:g) 
V G (r* G ) 



(5.20) 

(5.21) 

(5.22) 

(5.23) 
(5.24) 
(5.25) 



The gravitation orbit of a proton here means a free 
proton at rest or in motion under gravitational in- 
fluence alone. The numerical value of the orbital 
velocity in the orbit given by the quantum number 
Z G = N G for a given a G (N G , N G ) is the maximum 
quantum number and so it gives the highest speed in 



orbit, 



v G,n g — cos(x G {N G ))c < c. In general this 



speed will be very close to but definitely less than c. 
Thus when a proton is encountered experimentally 
apparently not moving at high speed relative to the 
laboratory it does not mean that such a proton has 
not got the high velocity in its gravitational orbit be- 
ing studied here. This is because the observer's labo- 
ratory rest frame can in general have a small velocity 
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relative to the proton. In other words, any proton 
can have a high gravitational velocity relative to its 
distant rest mass generating graviton's rest frame. 

6 Numerical Values for 
Radius, Age and Mass 



r 



Gi 



t* G and Mjj 



of Universe 



The nominal time for the existence of the universe, its 
age, will from now on be denoted by t* and defined by 
t* = r G J c where r G is taken to be the current radius 
of the universe. It is evident that these theoretically 
obtained values give a very good agreement with the 
experimentally assessed values and also have the the- 
oretical advantage of greatly clarifying detailed as- 
pects of the structure. The mass of the universe can 
be obtained by considering the magnitude of the mass 
that induces the gravitational potential in which the 
proton moves, or more appropriately one might say, 
exists. From equation (j5.20|l this potential is 



V G (r'S) = 



N G Gm e m p a G 1 



= m v c 



(6.1) 
(6.2) 





GM u m p 
/* 

r G 


(6.3) 


M v 


= Namea^ 1 






= N G m e /cos( XG {N G ) 


(6.4) 


N G 


w 3.11 x 10 41 


(6.5) 


-l 
a G 


w 3.11 x 10 41 


(6.6) 


Mu 


w 8.81 x 10 52 fc 5 


(6.7) 


M u>m 


w 5.68 x I0 53 kg 


(6.8) 


t* 


w 2.18xl0 17 s 


(6.9) 


t* 

1 m 


w 3.1536 x 10 17 s 


(6.10) 



Mu :Tn is the value for the mass and t* m is the age of 
the universe from observation and measurements as 
suggested in reference and also admitted as to 
not being canonical. 

The three quantities r G , t* G and Mu together with 
the rest mass of the graviton, m G , all depend on the 
value of the integer parameter N G and when I write of 
theoretical values, I imply that the actual numerical 
values can only be found if the value of the integer 
N G can be input into the calculation. There is no 
theoretical way to evaluate Nq any more than there 
is to evaluate 137 at this time in the physics science 
story. There is a second parameter N G involved but 
again, unlike in the QED case where it is important, 
in gravitation theory it does not appear to play a 



significant part. It can be shown why this is the case 
as follows. 

The QED difference between a -1 and 137 and the 
gravitational equivalents have the approximate values 



a" 1 (137,29) - 137 p 


s 0.036 




(6.11) 


a^iNcN'^-NG P 




1 


) 




3N G 2 


(6.12) 






N'g- 


■> oo 
(6.13) 


^(lO^ooj-lO 42 p 


* 10" 84 




(6.14) 


cos(xg{N g )) - 


-+ 1 as N G - 


■* oo 


(6.15) 


Xg(N g ) - 


-> as N G - 


■* oo 


(6.16) 



From equations (2.22) and (2.23) we get the rela- 
tion for the graviton rest mass, 





= m p (l-(c'/ C ) 2 ) 1/2 


(6.17) 




= TO p (l-COS 2 (( XG (7V G ))) 1 / 2 






(6.18) 




= m p sm(xG(N G )) 


(6.19) 




— > as Ng —* oo 


(6.20) 


* 

r 


= N G l P l cos 3 ( XG ) 


(6.21) 


t* 


= N g t p / cos 3 (xg) 


(6.22) 


Tp 


= lp/c 


(6.23) 


))r* 


= N G l%. 


(6.24) 



From equation (|6.11(l , it can be seen that the inverse 
fine structure constant differs from the integer 137 
at the second decimal place whereas from equation 
(|6.14|l . its gravitational equivalent a^ 1 differs from 
the integer N G rj 10 42 at the 84th decimal place, 
they are essentially equal and from equation (|6.22|l 
it can be seen that t* is essentially equal to N g t p 
where r p is a constant eigenfunction time increment 
associated with the eigenvalue number N G . Thus the 
digitally changing quantity N G can be regarded as 
a digital parameter determining the age of the uni- 
verse or we can write N G (t*) implying the converse. 
It makes little difference if you care to regard time as 
the primary mover for change or regard N G as deter- 
mining the time t* or the age of the universe. Thus in 
this gravitational theory the quantum integer eigen- 
value N G is of primary importance. The whole story 
is contained in the concept of projection quantization. 
This concept is the bridge between quantum theory 
quantization and relativity theory length contraction. 
One example is displayed at equation (|6.24|) for the 
case of the radius of the universe expressed in terms 
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of the eigen-length l'^. This is just one case among the 
five others for the quantum orbits in terms of their 
own L versions and the key state integer Nq. From 
equations Ij6.4|l and 16.221 it is clear that the amount 
of mass within this universe is increasing proportion- 
ally to the square of its age. The question then arises 
as to where this mass is coming from and is conserva- 
tion of energy being violated in this model? There is 
a simple answer to this question though it may not be 
everyone's satisfaction. If we are to talk about expan- 
sion at all we do need to have some idea about what 
the expansion is taking place into. Let us consider the 
most obvious and simple situation and suppose that 
the expansion is taking place into a larger containing 
space and for simplicity assume it is euclidean, E con , 
say. In fact, we have no idea of the actual geometry 
that might be involved so that this assumption will 
have to do here. Suppose that our expanding universe 
is centred at the origin of E con . I see no reason why 
this containing space should be completely empty. It 
contains an expanding universe but suppose further 
the centre of that expanding universe is surrounded 
with a mass distribution that extend in all direction 
just as a consequence of its containing that universe. 
At small values for the age of the universe t* , its ra- 
dius r* or expanding boundary is within the mass 
distribution which could itself extend to infinity in 
E con . Let the density of this halo of electronic sized 
masses be given by, the inverse linear, in R function, 
<j G {R) = 3m e / (cos{xG{N G (R/c))4irlf R), where R 
is the distance from the centre of coordinates in E con . 
At time t* the universe will have expanded to the vol- 
ume size V(r*) = 47r(r*) 3 /3 so that it will then con- 
tain mass of amount ac{r*)V (r*) = Mjj(t*) as given 
by equation (|6.4|) . A similar argument could be ad- 
duced for more geometrically exotic container spaces. 
Thus conservation of energy is not threatened. 
Related material can be found in references, (|1U). 

EH, E2, E3I, El, ESI, El, H3, E2J. EH, EH], 
BSD- 
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